Introduction 62
In the southern US, the most common land conversion by area was from native mixed 63 hardwood forests to pine plantations. It is estimated that more than 10 million ha of forests were histic-mineral soil at this site is classified as Belhaven series. properties and biomass (Ellert et al., 2008; Harrison et al., 2003) . where R is the universal gas constant adjusted for water vapor (0.46 m 3 kPa K -1 kg -1 ), T a is air 287 temperature in degrees K and ρ is density of water (998 kg m -3 ). This simplified calculation was 288 sufficient because in all treatments VPD was close to the leaf-to-air vapor pressure deficit due to 289 high boundary-layer conductance (Oishi et al., 2008; Ward et al., 2013; Domec et al., 2009a) .
290
Oren et al. (1999) showed that under saturated light, the decrease in G s with increasing 291 VPD is proportional to G s at low VPD. Therefore, the sensitivity of the stomatal response to 292 VPD when the photosynthetically active radiation was above 800 mmol m -2 s -1 (light-saturated 293 G s ) was determined by fitting the data to the functional form:
where b is G s at VPD = 1 kPa (hereafter designated as reference canopy stomatal conductance, To analyze the effect of the whole tree hydraulic conductance (K tree ) on stomatal 305 conductance, K tree was calculated from the slope of the relationship between diurnal variation in 306 leaf water potential and tree transpiration (Loustau and Granier, 1993 and Thompson et al. (2010) . Rhizosphere conductance was converted to a ground area basis 342 using the measured all-sided fine root area index (RAI). Soil water potential was calculated from 343
Campbell (1985) as:
where Ψ e is the soil water potential at air entry, θ s is the saturated volumetric water content and 346 the exponent c is related to soil texture (Table 1) . We started our simulation with a soil at θ s and 347 each day θ was reduced in response to tree water use. all species at all locations and both measurement periods increased proportionally with K tree (Fig.   402 2). There was no difference in the relationship between G s-ref and K tree for trees growing in the 403 natural stands (P=0.56) and in the plantations. Overall, as K tree increased by 50% from minimum, 404 G s-ref increased by 42 to 47% (Fig. 2) . Species differences were apparent in K tree , with higher 405 values in Nyssa sylvatica at the coastal site and in Liriodendron tulipifera and Carya tomatosa at 406 the Piedmont site.
407
Based on P 50 values (the water potential at which 50% of hydraulic conductance is lost),
408
branches from almost all species growing in the natural stands were more vulnerable (P=0.03) to 409 cavitation than the branches from the pine plantations at both locations (Fig. 3 Root biomass decreased exponentially in the plantations at both coastal and Piedmont 420 locations ( Fig. 4) . At the coastal natural forest, we observed a dense network of shallow lateral 421 roots growing at 10-40 cm depth connected to sinker roots. At the Piedmont natural hardwood 422 forest, a dimorphic root profile was evident represented by a shallow and a deep system of lateral 423 roots. Total fine root biomass at the managed Piedmont and coastal sites was 25-30% lower than 424 at the natural forests. Root to leaf area index was lower at both pine plantations with on average 425 1.45 m 2 of root area for each square meter of transpiring leaf surface (Table 1) . Trees in the 426 natural sites required more than twice as much root area per unit leaf area compared to the 427 plantation sites. For each stand type, root to leaf area index was ~30% higher at the coastal 428 location than the Piedmont one. A.1). Reflecting substantial embolism of roots under drought, K tree decreased with decreasing 433 soil water potential (Fig. 5) . The largest modeled change of K tree occurred in Liquidambar 434 styraciflua and in Taxodium distichum at the Piedmont and coastal sites, respectively (data not 435 shown). The decrease in daily E was mainly explained by the change in K tree , which followed a 436 non-linear response. However, in both natural forests, K tree remained at its maximum value for 437 soil water potentials above -0.3 MPa, corresponding to a REW ranging from 1 to less than 0.2 438 (filled arrows in Figs. 5 and 6 ). The decline in K tree was greater in both pine plantations with 439 trees experiencing more than 50% loss of tree conductance over the range of field water 440 potentials (dashed arrows in Fig. 5 ). Natural forests did not start losing K tree before 0.2 REW 441 ( Fig. 6) . As a consequence, averaged over all species, transpiration of trees growing in both 
448
Our modelling outputs suggested that at the coastal sites, maximum E could be 449 maintained for 60-80 days without any rain events (Fig. 7) , and that it would take about 100-105 450 days to deplete the soil water storage enough to reach 0.2 REW, and to start having a significant 451 negative impacts on E (up arrows in Fig. 7) . In the Piedmont region, there was a large difference 452 between stand types on the impact of continuous soil drying on the number of days required to 453 see a significant drop in E. For the plantation, it would take only 50 days to the start of a decline 454 in E and 90 days to deplete the soil enough to reach 0.2 REW, inducing a significant (more than 455 20%) reduction effect in E (Fig. 7) . The unmanaged stand, on the other hand, is expected to hold 456 20 its maximum E for more than 100 days, and no significant decrease in E would be noticeable 457 before 150 days, or when REW would reach 0.2.
458
The critical transpiration rate (E crit ), which corresponds to the maximum rate at which 459 transpiration begins to level off or even decline to prevent irreversible hydraulic failure, was 460 higher in pine plantations than their unmanaged counterparts (Fig. 8) . However, even with this 461 higher E crit , the pine plantations operated with a smaller safety margin between soil water 462 potential and critical transpiration rates, suggesting that pine plantations can withstand less 463 severe drought than natural stands. There were large differences between E/E crit ratios in natural As ecosystem management in some regions is attempting to restore specific forest 473 services, the need for an understanding of how previous species shifts may have changed tree 474 response to future climate is vital. Although we have to be careful with generalizing the findings 475 from the two regions studied, which represent only one natural site in the coastal and Piedmont 476 regions, we demonstrated that the influence of stand species composition on critical transpiration 477 sets a functional water uptake limit that can be reached under drought conditions. Our results 478 showed that plantations operated with a small safety margin from total hydraulic failure, 479 21 suggesting that pine plantations are more drought-sensitive and can withstand less severe drought 480 than natural forests.
481
The latest climate change scenario projections for US southeast predict that by 2100, total 482 rainfall is expected to increase by up to 15% of current annual precipitation (IPCC, 2013) .
483
However, and more importantly, it is also projected that summer precipitation will be slightly 484 reduced (5-10%) and above all, the maximum number of consecutive dry summer days is 485 predicted to increase because of an increase in the frequency of heavy spring precipitation 486 (IPCC, 2013) . Such patterns are already evident during the last 15 years, where the very dry 487 periods (e.g., 2002-2003 and 2007-2008) did not correspond to the lowest total rainfalls, but mid-488 summer and early fall drought was prolonged (Karl et al., 2009; Seager et al., 2009 ). Thus, the 489 impact of drought on the forest was greatest towards the end of the growing season when VPD 490 was at its highest, and soil water content was at its lowest. Future precipitation variability could 491 be particularly important because extended droughts have much more drastic consequences on At the Piedmont sites, the soil profile is dominated by a clay pan at a depth of ca. 50-60 cm that 503 is almost impenetrable by the Pinus taeda fine roots (Oren et al., 1998; Stoy et al., 2005) . As a 504 consequence of their shallow rooting depth, the Piedmont pine plantation reduced stomatal 505 conductance and transpiration rates to a third of their maximum just after 90 days without 506 precipitation (Fig. 7) . Trees in the natural forests produced twice as much root area per unit 507 transpiring leaf area (RAI/LAI) compared to the plantations with RAI contributing to about one-508 third of this difference (Fig. 4; Table 1 ). Higher RAI/LAI in the natural forests had important 509 implications for root water uptake since it affected the relative importance of soil versus plant 510 limitations on water uptake by limiting the drop in conductance at the soil-root interface and 511 maintaining proportionally higher transpiration rates as soils dried (Hacke et al., 2000; Ewers et 512 al., 2000) . Due to the creation of large soil-to-root water potential gradients, low RAI/LAI in 513 both plantations caused a rapid loss of rhizosphere hydraulic conductance, which impacted 514 negatively the sensitivity of whole-tree conductance to soil drying (Fig 5; Fig. A2 ).
515
In conifer plantations that maintain leaves for multiple growing seasons, long-term water 516 stress could also impose further challenges if leaf area was reduced during the drought event 517 (Bréda et al., 2006) , because of the increased carbon allocation required to replace lost leaf area.
518
In natural forests, drought-induced decreases in leaf area will increase the proportion of water 519 transport tissues relative to leaves, which will improve tree water uptake (Pataki et al., 1998) .
520
However at the extreme end and if the drought will not be sufficiently long for the trees to adjust, 521 then leaf area may become too low and reduce carbon assimilation (McNulty et al., 2014) . , 1998; Domec et al., 2009b; 2010b) . Unlike the branches, the capability of roots to resist 527 xylem pressure have an important impact on tree-level water use and ultimately on tree 528 resistance to drought. In general, distal organs such as roots and leaves may be more vulnerable 529 to embolism than trunks (Domec and Pruyn, 2008; Johnson et al., 2011; McCulloh et al., 2014) 530 and this may be an adaptation to protect the bole of the tree from hydraulic failure.
531
Not surprisingly, the broadleaved deciduous species of the Piedmont stand had the 532 highest resistance to embolism. However, we did not expect Pinus taeda to bear roots less 533 resistant to embolism than almost any of the deciduous species. Root vulnerability curves of 534 Acer rubra and Nyssa sylvatica growing at the coastal site did not support the hypothesis that 535 species occurring on wetter sites would exhibit higher vulnerability to xylem cavitation. The results of this study also showed that across the contrasting systems, species with and transpiration at all sites.
564
Our modelling results demonstrate a mechanism by which natural stands can withstand 565 more severe drought than pine plantations, based on greater safety margins between soil water 566 potential and critical transpiration rates (Fig. 8) . Regardless of the soil type, plantations had a 567 marginal safety factor suggesting that they operated at xylem tensions closed to xylem tensions 568 capable of inducing total hydraulic dysfunction. This result is in disagreement with recent studies 569 looking at inter-species resistance to drought that predicted higher rates of hydraulic 570 dysfunctions in angiosperms as opposed to conifers (Choat et al., 2012) but is consistent with and stomatal sensitivity to VPD that is consistent with the role of stomata in regulating minimum 989 leaf water potential (Oren et al., 1999) .
991
It is a 1-column fitting Figure. (Table 1) . Up and down arrows represent 20% and 5% REW, respectively.
1065
It is a 2-column fitting Figure. 
